Abstract. [Purpose] This study investigated the relation between motor imagery and hamstring strain in rugby players.
INTRODUCTION
Many rugby and American football players receive hamstring strain and anterior cruciate ligament (ACL) injuries. The causes of many of these athletic injuries have been shown to be of a non-contact nature 1) . Therefore, many factors such as lack of flexibility, loss of muscle strength, imbalance of antagonists, muscle fatigue, and lack of sufficient warm-up exercises have been reported as causes of hamstring strain [2] [3] [4] [5] [6] [7] . Although there have been many reports on the development of symptoms of hamstring strain, none of these studies h a v e c a r r i e d o u t c o g n i t i v e n e u r o s c i e n c e examinations. Sports such as rugby and American f oo t bal l dem a nd a h i gh l e v e l o f p hy s i c a l performance. To achieve such high performance levels, not only motor function but also cognitive function is required.
Motor imagery is a first-person image formed using somatosensory inputs rather than actual motor performance 8) . Recently, reports have considered the relation between the improvement in the skill of sport performance and motor imagery. However, no reports have considered the relation between the generation of externally caused injuries and the capacity of motor imagery.
Mental rotation of a body part is a simple method of measuring a person's capacity of motor imagery. Mental rotation is the ability to mentally identify an object, which is presented in a rotated manner 9) . Previous studies have reported activity in the cerebral motor-related area during mental rotation when subjects viewed a photograph of a hand [10] [11] [12] [13] [14] . This activity was the same as that observed during first-person motor imagery. This result suggests the possibility that the function that mentally rotates the photograph of a body part could be a useful means of reinforcing simple motor imagery. It has been reported that patients with complex regional pain syndrome type 1 exhibit a notably longer reaction time when identifying a photograph depicting the affected side of their body than when identifying a photograph depicting the unaffected side of their body. This result suggested that motor imagery capacity is falling by the patients with complex regional pain syndrome type 1 15) .
The purpose of this research was to measure the motor imagery capacity of rugby players' legs using m e n t a l r o t a t i o n a n d t o e x a m i n e w h e t h e r development of hamstring strain can be predicted.
SUBJECTS AND METHODS

Subjects
The participants of this study comprised 21 university level rugby players (21.3 ± 0.3 years old, mean ± SD), and both legs of each participant were analyzed in this study (42 legs). Written informed consents were obtained from each subject in accordance. The study used a cohort study design.
Methods
The mental rotation performed by the participants was measured using custom software on a personal computer. Photographs depicting the dorsal and plantar views of the right and left feet were displayed on a screen. Each photograph was then randomly rotated clockwise to 0°, 90°, -90°, and 180°, i.e., a total of 16 photographs were displayed in random order (Fig. 1) . The subjects were shown the photographs and asked to identify the pictures as quickly as possible by using a fingertip to push a button to indicate "right foot" or "left foot" correctly, and the subjects' responses were then recorded. However, it did not accept moving a foot or seeing a foot at that time. The reaction time (msec) was defined as the time when the photograph is displayed until the time the subject pushes the button to record the response. In addition, measurement was once performed after the demonstration.
Motor function was measured by considering the H/Q ratio (ratio of the hamstring and quadriceps femoris), SLR angle (straight-leg-raising angle), and the center-of-gravity agitation in the one-leg standing position and that during a perpendicular jump performed using 1 leg.
CYBEX 770-NORM (CYBEX Japan) was used for measuring muscular power. The peak torque and power during the flexion and extension of the knee joint at 60°/sec and 180°/sec were measured. In order to prevent movement of the trunk or at the hip joint, the waist was fixed by a belt, and the subject was aske d to grasp a handrail during the measurement. The subjects were asked to repeat the movement for 5 times with maximum effort, and the maximum value was considered as the central value. The ratio of the muscular power of the hamstring to that of the quadriceps femoris was computed using this central value (H/Q ratio). Further, the H/Q ratio was computed for 2 conditions each of torque and power (60°/sec and 180°/sec).
The SLR angle was measured when the subject remained in a supine position.
The subject stood on 1 leg, and the center-ofgravity agitation was measured for 30 sec by using a sampling frequency of 200 Hz in the gravicoder (G-550; Anima). For the measurement, the subject was asked to stand on 1 leg with arms folded. Each measurement was carried out 2 times for the following 2 conditions: eyes open and eyes closed.
The used index is the total locus length and the minimum value of 2 times of inside was used for it. In the experiment, images of the left foot at similar angles were also shown, i.e., the subjects were shown a total of 16 photographs.
The multi-jump tester (DKH) was used for the perpendicular jump on one leg. The measurement was performed twice and the maximum value was considered. For the measurement, the subject was asked to stand on 1 leg with arms folded.
Thereafter, the subjects were followed up for 6 months from the date of measurement to determine the existence of hamstring strain. The standard of judgment was considered as diagnosis of hamstring strain by a medical doctor. Therefore, when the subject experienced incongruity and pain in the leg, consultation to a medical institution was imposed.
The subjects were divided into 2 groups: subjects with and without hamstring strain. The MannWhitney test was used to compare the subject's (strain group and non-strain group) reaction time for the mental rotation of each photograph and the measurements of each motor function to examine the predictive validity of this study. Receiveroperated characteristic (ROC) curves were inspected to determine the cut-off points for each reaction time and each motor function test that best discriminated between subjects who did and did not have hamstring strain. Discriminant analysis was performed in the variables whose area under curve was the largest. P values of less than 0.05 were considered statistically significant.
RESULTS
Seven legs assessed in 6 players (16.7%) showed symptoms of hamstring strain over 6 months. All the subjects had medial hamstring injury, which had occurred in a non-contact manner.
The results of each group are presented in Table 1 . The significant differences between the strain group and the non-strain group were accepted with no indices of each motor function (p>0.05). The strain group had a significantly longer mean reaction time for the 0° dorsal and -90° plantar views of the foot as compared with the non-strain group (p<0.05). ROC curve analysis revealed that the reaction time for the -90° plantar view of the foot had the greatest the area under the curve (Table 2 ). Discriminate analysis showed that the cut-off point was 2.48 seconds for the reaction time of the -90° plantar view of the foot. 
DISCUSSION
In the mental rotation exercise with the photograph of a foot, motor imagery, which coincides the direction of the foot in a photograph with that of one's own foot, is performed. This motor imagery is used to identify whether the photograph depicts the left or right foot. Therefore, it is considered that the reaction time reflects motor imagery capacity 15) . In this study, it was possible to predict hamstring strain by the reaction time for the -90° plantar view of the foot.
In order to match the direction of the -90° plantar view of the foot with that of one's own foot, extension and internal rotation of the hip joint and flexion of the knee joint are required. This position requires the excessive use of the medial hamstring, increasing the stress therein. Further, this position is similar to the leg movement while running when the trunk is tilted anteriorly. Although such an assumption is arguable, hamstring strain may have occurred in such a position. Thus, a player for whom motor imagery of this motion is difficult to achieve is considered to have a higher risk of hamstring strain. In addition, it is considered that the capacity for motor imagery capacity is low when there is a considerable difference between a motion recognized by the self and the actual motion.
No previous studies have reported the relation between motor performance and hamstring strain. The follow-up periods may not have taken the frequency of participation in the sport into consideration despite being conducted during the sport season. This may have applied a bias to the study of hamstring strain. In addition, few reports have predicted the occurrence of hamstring strain. Furthermore, there is no index for the prediction of hamstring strain. Thus, the function of cognitive neuroscience in the prediction of hamstring strain is a very valuable finding.
In rehabilitation-related research conducted in recent years, some studies have reported that physical function is improved by mental practice [16] [17] [18] . Sportrelated research has also reported that performance is improved by mental practice 19, 20) . However, no reports suggest that prevention of injury is possible through mental practice. Therefore, further studies are necessary to pursue the possibility of injury prevention through mental practice.
